Objective. The aim of this study was to evaluate the prevalence of most common mutations and intron 8 5T (IVS8-5T) polymorphism of CFTR gene in Italian: a) azoospermic males; b) non azoospermic subjects, male partners of infertile couples enrolled in assisted reproductive technology (ART) programs. Material and methods. We studied 242 subjects attending our Andrology Unit (44 azoospermic subjects and 198 non azoospermic subjects, male partners of infertile couples enrolled in ART programs). Semen analysis, molecular analysis for CFTR gene mutations and genomic variant of IVS8-5T polymorphic tract, karyotype and chromosome Y microdeletions, hormonal profile (LH, FSH, Testosterone) and seminal biochemical markers (fructose, citric acid and L-carnitine) were carried out. Results. The prevalence of the common CFTR mutations and/or the IVS8-5T polymorphism was 12.9% (4/31 cases) in secretory azoospermia, while in obstructive azoospermia was 84.6% (11/13 cases; in these, the most frequent mutations were the F508del, R117H and W1282X). Regarding the non azoospermic subjects, the prevalence of the CFTR and/or the IVS8-5T polymorphism was 11.1% (11/99 cases) in severe dyspermia, 8.1% (6/74 cases) in moderate dyspermia and finally 4.0% (1/25 cases) in normospermic subjects. Conclusions. This study confirms the highly significant prevalence of CFTR mutations in males with bilateral absence of the vas deferens or ejaculatory ducts obstruction compared with subjects with secretory azoospermia. Moreover, the significant prevalence of mutations in severely dyspermic subjects may suggest the possible involvement of CFTR even in the spermatogenic process. This could explain the unsatisfactory recovery of sperm from testicular fine needle aspiration in patients affected by genital tract blockage. 
INTRODUCTION
In recent years, increasing attention has been paid to the pathogenesis of dyspermia with a genetic basis (1, 2) . In particular, after the development of Assisted Reproductive Techniques (ART), genetic screening has taken on an important role in the diagnostic approach to couple infertility. Regarding the male factor, in addition to the usual genetic investigations in clinical practice to identify factors, such as karyotype and chromosome Y microdeletions, the study of Cystic Fibrosis Transmembrane Regulator (CFTR) gene mutations, implicated in the genesis of Cystic Fibrosis (CF) (3) , has acquired a great significance. Beyond the classic aspects (pulmonary and pancreatic involvement) there are also atypical forms of CF. These atypical forms include male reproductive disorders. To date, a clear correlation with CFTR mutations has been demonstrated only in obstructive azoospermia due to Congenital Bilateral Absence of the Vas Deferens (CBAVD) (4) (5) (6) (7) (8) . It has also been suggested that there is the direct involvement of the CFTR on spermatogenesis (9) (10) (11) (12) (13) (14) (15) , and on pathogenesis of seminal hyperviscosity (17) , as well as its having a potential action on the maturation of spermatozoa in vitro (16) . The aim of this study was to evaluate the prevalence of the common mutations and the IVS8-5T polymorphism of the CFTR gene in: a) azoospermic males and b) non azoospermic male partners of infertile couples enrolled in ART programs.
MATERIAL AND METHODS

Subjects
We studied 242 males attending our Andrology Unit from January 2005 to December 2012. Among these there were 44 azoospermic and 198 non azoospermic subjects, male partners of infertile couples taking part in ART programs.
Semen analysis
Semen analysis was performed in all the subjects at least twice at a distance of 30 days; the mean values were DOI: 10.4081/aiua.2014.3.171 recorded and analyzed. The semen samples were collected by masturbation after 3-5 days of sexual abstinence. The samples were stored in a controlled incubator (37°C). After liquefaction, semen samples were analyzed according to World Health Organization (WHO) guidelines (18) . The Superimposed Image Analysis System (SIAS) was used to assess sperm motility parameters (19, 20) . In azoospermic males three further tests, Fructose, L-Carnitine and Citric Acid were also carried out.
Molecular analysis
Written informed consent was obtained from each subject enrolled in this study. Genomic DNA was extracted from peripheral blood, according the standard procedure. Molecular analysis of the most frequent mutations of CFTR and the IVS8-5T polymorphic tract was performed by Inno-Lipa CFTR 19, CFTR 17+Tn Update and CFTR Italian Regional Kits (Innogenetics, Belgium), providing a screening for 57 CFTR gene mutations and following the manufactures instructions.
Other analyses
The hormonal profile was studied in all the subjects (LH, FSH, testosterone), as well as karyotype and chromosome Y microdeletions.
Statistical analysis
Statistical analysis was performed using the Chi-square test on frequency differences between two samples. A p value < 0.05 was considered significant.
RESULTS
Prevalence of mutations and polymorphism of CFTR gene in subjects with azoospermia. Azoospermic males (n. 44) were divided into two groups: A) subjects with secretory azoospermia (n. 31); B) subjects with obstructive azoospermia (n. 13). The clinical examination, the hormonal profile, the biochemical study of seminal plasma (Fructose, L-Carnitine and Citric Acid as markers respectively of prostate, vesicles and epididymis), genetic screening, ultrasound examination and, when indicated, cytomorphological study by testicular needle aspiration permitted the differential diagnosis between secretory and obstructive azoospermia. Secretive azoospermia (31 subjects) was due to: a) spermatogenic arrest (n.4); b) bilateral cryptorchidism, epididymo-orchitis and radio-or chemo-therapy (n.20); c) chromosomal anomalies (Klinefelter's and Robertsonian translocations) (5 cases); d) Y chromosome microdeletions (2 cases). Altogether in 4 of these 31 subjects (12.9%) a classic mutation of CFTR and/or the IVS8-5T polymorphism were identified. In particular, one male (3.2%) with previous cryptorchidism showed the most common mutation of the CFTR gene (F508 del), while in the other 3 subjects (9.7%) was detected the IVS8-5T polymorphism. Obstructive azoospermia (n. 13 subjects) was due to: a) obstruction of the vas deferens (n. 2); b) obstruction of the ejaculatory ducts (n. 10); epididymal obstruction, seen at surgery (n. 1). Altogether 11 of these 13 subjects (84.6%) were affected by a classic mutation of the CFTR and/or the IVS8-5T polimorphysm. In particular, in 9 cases (69.2%; p < 0.01 vs secretory azoospermia) a classical mutation was found; in the remaining 2 cases (15.4%) the IVS8-5T variant allele was found. The mutations found are listed in Table 1 .
Prevalence of mutations and 5T polymorphism of CFTR gene in non azoospermic males
Genetic screening was carried out in 198 male partners of subfertile couples enrolled in programs of ART. According to the seminal profile, the subjects were subdivided into: a) severe dyspermia (n. 99) (seminal parameters: N/ml ≤5 x 10 6 , ≤ 5 progressive motility; atypical forms ≥ 85%); b) moderate dyspermia (74); c) normospermia (n. 25) (WHO guidelines 1999) (18) . In subjects with severe dyspermia (n. 99), 11 cases (11.1%) showed a classic mutation and/or the IVS8-5T polymorphism. In particular, 7 subjects (7.1%; p = 0.465 vs moderate dyspermia) had a classic mutation (one of them was compound heterozygous F508del/5T), 1 male was homozygote 5T/5T (0.9%), and finally 3 subjects (2.7%) were heterozygotes for the 5T polymorphism (Table 2 ). In subjects with moderate dyspermia (n. 74), 6 subjects (8.1%) had a classic mutation of the CFTR gene and/or the IVS8-5T polymorphism; in particular, 2 subjects (2.7%) were heterozygous W1282X/N and the R117H/N) and 4 subjects (5.4%) had the 5T polymorphism. In normospermic subjects (n. 25), only one moresubject (4.0%) with 5T polymorphism was found.
DISCUSSION
After the introduction of the ART programs, genetic screening gradually took on a leading role in the diagnostic process of infertility counselling. In fact, such techniques have "put in play" also couples with high genetic risk. Regarding genetic screening of the male partner, the search for mutations in the CFTR gene has become increasingly important. In this study we evaluated the prevalence of mutations in the CFTR gene in subjects with seminal tract obstructions as well as in subjects with varying degrees of dyspermia. Regarding the first group, our study confirmed the high prevalence of CFTR mutations in subjects with bilateral absence of the vas deferens or ejaculatory ducts obstruction. The most frequent mutations were, according to the literature, F508del, R117H and W1282X. With regard to the male D1152H/N, his partner carried the heterozygous genotype 621+3A>G/N. This opened a debate between operators on the opportunities and possibilities of using pre-implantation diagnosis as part of a program of assisted reproduction.
In disagreement with Karpman et al. (21) , who reported significant association of CFTR mutations with Y chromosome microdeletion, in our study we found such association only in one case. On the other hand, the prevalence of mutations in subjects with classical secretory azoospermia was significantly lower compared with obstructive azoospermia. The second part of the study was conducted on the prevalence of mutations and/or genomic variants in a population of male partners (dyspermic and normospermic) of subfertile couples enrolled in ART programs. There are sharply conflicting reports in the literature. According to some Authors (9-11) there are no significant changes in the prevalence of mutations or genomic variants of CFTR in subjects affected by moderate dyspermia and population controls. In partial agreement with other Authors (12) (13) (14) (15) this study highlights a significant prevalence of mutations in the CFTR gene in males with severe dyspermia compared to normospermic ones.
CONCLUSIONS
In conclusion, this study confirms the direct involvement of the CFTR gene in the pathogenesis of seminal tract obstructions. The significant prevalence of mutations in severely dyspermic subjects may suggest the possible involvement of CFTR even in the spermatogenic process. This could explain the unsatisfactory recovery of sperm from testicular fine needle aspiration in patients affected by genital tract blockage. Table 2 . Genotype-phenotype correlation in males with severe dyspermia.
